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TITLE OF CASE Do not include “a case report”
Tracheal Constriction in a Growing Dog
SUMMARY Up to 150 words summarising the case presentation and outcome (this will be freely available online)
A six-month-old castrated male German Shepherd/Husky cross was presented for investigation of a progressive dyspnoea and regurgitation. A circumferential cervical wound had been identified and closed following debridement by the primary care veterinarian when the dog was three months old. There was an extraluminal tracheal compression on radiographs. Surgical exploration revealed a plastic band tied and embedded in the dorsal musculature of the neck. The band had been increasingly constricting the trachea and the oesophagus ventrally as the animal grew. Segmental tracheal resection and anastomosis and removal of the band and associated scar tissue resulted in sustained resolution of clinical signs.
BACKGROUND Why you think this case is important – why did you write it up?
Circumferential cervical foreign bodies resulting in a variety of clinical signs have been described anecdotally and in veterinary literature. These foreign bodies may arise accidentally or through malicious intent. This case illustrates the effect of a plastic band found embedded in the cervical musculature of a juvenile canine patient. Subsequent growth and the resultant extraluminal compression of the trachea necessitated tracheal resection and anastomosis. 
CASE PRESENTATION Presenting features, clinical and environmental history
An approximately six-month-old, male neutered German Shepherd/Husky crossbreed dog was presented to a referral centre with a two week history of dyspnoea, stridor, dysphonia and intermittent regurgitation.The dog has been rescued three months previously, when he was presented with a circumferential, full thickness, purulent, cervical wound. This wound was explored and debrided by the primary care veterinarian; no inciting cause for the wound was identified and a delayed primary closure was carried out. Antimicrobial therapy initially consisted of amoxicillin-clavulanic acid, clindamycin and topical treatment with manuka honey. The wound appeared to be healed at the time of suture removal at 10 days after surgery and the dog was discharged for rehoming. Multiple discharging tracts in the cervical area appeared 18 days after initial presentation. These were managed with lavage, continued oral amoxicillin-clavulanic acid and topical honey. At 43 days, the wounds continued to discharge and were pruritic. Cephalexin and dexamethasone treatment was initiated at that time. Over the course of the following 29 days, the draining tracts were treated by the referring veterinarian with multiple surgical debridement, multiple antibiotics (enrofloxacin, clindamycin, amoxicillin-clavulanic acid), robenacoxib, and dexamethasone. The wounds had apparently resolved; however, 94 days after initial presentation, the patient re-presented to the referring veterinarian for respiratory compromise including retching and coughing. Presumptive diagnoses of laryngitis and tracheitis were made and treatment including enrofloxacin, dexamethasone, and oral honey was initiated. Seven days later, treatment was modified to oral metronidazole and prednisolone and continued until referral.  
INVESTIGATIONS If relevant
Upon presentation to the referral centre, general examination showed inspiratory stridor at rest and poor body condition (Purina BCS 3/9). No facial or cranial oedema was apparent.  A circumferential cervical scar was noted at the level of C5. Deep to this scar, a fibrous band was palpable compressing the dorsal and lateral musculature of the neck. Haematology and biochemistry revealed mild changes, consistent with steroid administration and skeletal immaturity. Cervical radiography demonstrated a narrow soft tissue invagination extending dorsally from the ventral wall into the tracheal lumen at the level of C3. It occupied approximately two thirds of the dorso-ventral tracheal lumen diameter. Indentation of the soft tissues of the neck surrounding the invagination was also apparent (Fig 1).Following sedation with butorphanol (0.2 mg/kg IV) and acepromazine (0.003 mg/kg IV) an upper airway evaluation was carried out and a light plane of anaesthesia was maintained by administering propofol to effect (4 mg/kg IV). The trachea was intubated with a 9 mm internal diameter (ID) endotracheal tube (ETT) and anaesthesia was maintained using isoflurane in 100% oxygen.Because of tracheal stricture, the ETT could not be advanced beyond the cervical region and several inadvertent tracheal extubations occurred. Suction of the pharynx was performed after the patient regurgitated twice.Oesophageal lavage was not carried out due to the lack of tracheal seal by the ETT and the associated high risk of aspiration. Laryngeal function was normal and no anatomical abnormalities were noted. Tracheoscopy demonstrated moderate-severe, extra-luminal compression of the trachea in the mid-cervical region (Fig 2). Oesophagoscopy demonstrated mild extraluminal compression of the mid-cervical oesophagus. During recovery the patient became dyspnoeic, tachycardic and oxygen haemoglobin saturation (SpO2) decreased below 90%. Sedation was provided with acepromazine (0.005 mg/kg IV) and oxygen was administered through a nasal catheter placed in the left nostril, normalising clinical signs.  
DIFFERENTIAL DIAGNOSIS If relevant




TREATMENT If relevant 
Two days later a second general anaesthetic was administered for resection and anastomosis of the trachea.  Premedication was provided with methadone (0.2 mg/kg IV) and acepromazine (0.005 mg/kg IV) followed by propofol (4.7 mg/kg IV) and midazolam (0.05 mg/kg IV). In order to advance beyond the tracheal stricture a 6.5 mm ID ETT was used this time. Anaesthesia was maintained with a balanced technique consisting of isoflurane in 100% oxygen and propofol constant rate infusion (CRI) (0.1-0.2 mg/kg/min).Analgesia was provided by intravenous administration of methadone (0.1 mg/kg), ketamine CRI (2-10 ųg/kg/min) and intermittent boluses of fentanyl (1-2 ųg/kg) as required.A standard ventral midline approach was made for exploration of the ventral neck. This revealed a constricting band of fibrous tissue compressing the trachea and oesophagus. A 19.5cm plastic band was identified, tied and extending circumferentially around the neck. This band was removed without difficulty by cutting the end and applying traction, ensuring removal of the entirety of the band (Fig 3). Gross evaluation of the oesophageal adventitia following removal of the band revealed no persistent deformity. To minimise invasiveness, the dorsal aspect of the neck was not explored. Evaluation of the trachea revealed compression localised to the ventral aspect of rings 6 and 7. Blunt dissection allowed mobilisation of the trachea prior to resection. Rings 5-8 were resected using the split-ring technique (Hedlund 1984) and gaseous anaesthesia was maintained (through a sterile 6.5mm ID ETT placed  in the distal segment of trachea). Following the pre-placement of simple interrupted sutures (polydioxanone, 3-0) in the trachealis muscle and adjacent annular ligaments, oro-tracheal intubation (7.5mm ID ETT) was restored and the end-to-end tracheal anastomosis was completed. Due to the relatively small segment excised, tension-relieving sutures were not used. Leak testing was carried out by submerging the anastomotic site in sterile saline and, with the distal end of the endotracheal tube proximal to anastomosis site, ventilating to a peak inspiratory pressure of 20 cm H2O. Closure of the ventral neck incision was routine. During the recovery, sedation with acepromazine (0.005 mg/kg IV) and medetomidine (0.001 mg/kg IV) was provided. Methadone was continued on a reducing dose for analgesia (0.2-0.1 mg/kg IV). No dyspnoea was noticed and haemoglobin saturation was within normal limits. Culture and sensitivity testing of a tissue sample resulted in scant growth of Staphylococcus pseudintermedius with beta-lactam antimicrobial sensitivity. Histopathology of the two tracheal segments revealed severe distortion of the mural and luminal architecture with attenuation, erosion, and ulceration of the mucosa, irregular thickening of the submucosa with oedema, perivascular to interstitial infiltrates of admixed lymphocytes and plasmacytes, fibroplasia and overlapping of cartilaginous rings. Actively inflamed, oedematous and haemorrhagic fibrovascular tissue extended transmurally and within the peritracheal adventitia.     Regurgitation was resolved following surgery and the patient was discharged three days after surgery. A course of oral amoxicillin/clavulanic acid (20 mg/kg) was prescribed twice daily for 10 days.  Pain management was continued with oral administration of tramadol (3 mg/kg) twice daily for 10 days. Due to the history of regurgitation, and concurrent use of corticosteroids and NSAIDs, omeprazole (1mg/kg) was administered once daily for 14 days.  
OUTCOME AND FOLLOW-UP  
The dog was returned two weeks after surgery for suture removal and wound recheck. The incision was healed and physical examination was unremarkable. The owner reported that the dog’s appetite had improved and there were no further episodes of stridor or regurgitation. Six weeks after surgery, the patient presented for a final recheck. The remaining fibrous scar was still palpable on the dorsal aspect of the neck and body condition had improved (BCS 5/9). The dog had been exercising normally and the owner reported no complaints at this time.
DISCUSSION Include a very brief review of similar published cases 
This report documents for the first time the effect of a circumferential constricting cervical foreign body on a growing dog. Previous reports have described constricting circumferential cervical foreign bodies or scars. Sadler et al (2000) reported on a kitten with an embedded rubber band cervical foreign body; however, tracheal resection and anastomosis was not indicated in this case. Other reported cases requiring tracheal surgery (Westermeyer 2009, Steimach 2014) were in mature patients. In the present case, we have shown that foreign body removal and surgical correction of the deformed, stenotic portion of trachea allowed the patient to grow to maturity without recurrence of clinical signs. Reported presenting signs for similar cases have been quite variable. Westermeyer et al (2009) described a canine case with marked head and neck swelling in addition to increased respiratory effort. The kitten’s clinical signs reported by Sadler & Wisner (2000) consisted of respiratory distress and poor body condition. Other reports include draining wound tracts (Steimach 2014) and a spectrum of clinical signs related to respiratory difficulty dependent on the degree of tracheal impingement (Roach 2009). In humans, ‘rubber band syndrome’ is also well recognised in children and the elderly and usually relates to a band on the wrist or digit (Aggarwal 2010). The syndrome is characterised by a range of clinical signs including a constricting scar, draining tract, and radiographic bony erosion (Steimach 2014). In our case the patient experienced dyspnoea and regurgitation, the aetiology of which was not identified for several weeks following initiation of management. This diversity in presentation along with the missed diagnoses (Sadler 2000, Steimach 2014,) highlights the need for complete diagnostic evaluation in cases with respiratory distress associated with suspected tracheal compression. In our case compression was readily detectable radiographically and endoscopically. Palpation of the cervical region was suggestive of a band-like foreign body, however, the underlying cause was not definitively diagnosed until the time of exploratory surgery.  There are many reports describing tracheal resection and anastomosis in the canine species; however, to the authors’ knowledge, there are few prospective studies examining the effect of tracheal resection and anastomosis in growing puppies (Maeda 1973, Mendez-Picon 1974, Blanchard 1986). In these studies, complications including stenosis (most common), dehiscence, pneumonia, and telescoping of trachea at the anastomosis site were reported. Maeda et al resected rings according to a desired range of tension at the anastomosis site. This corresponded to 20-25% of total tracheal length. While stenosis was noted in all surviving cases, tension over 1000g often resulted in anastomosis failure and death. They concluded that the safely resectable length in puppies is approximately 58% of that in adult dogs, suggesting that this is due to the elastic, but friable nature of the juvenile trachea. Mendez-Picon et al (1974) experimentally resected five tracheal rings and achieved appositional closure with non-absorbable suture that incorporated cartilage rings. Blanchard et al (1986) performed resection and anastomosis of 14 tracheal rings in puppies (35-38% of total tracheal length). When greater lengths are resected, a range of techniques have been described such as further mobilisation of adjacent tracheal segments, application of tension-relieving sutures (Fingland 1995), and a fibrocollagen-coated mersylene patch (Villegas-Alvarez 2013). However, even when employing these techniques, complication rates increase with larger resections. Basdani et al (2016) described a series of upper airway trauma cases in which five patients required tracheal resection and anastomosis. All patients in the series were adult canines that underwent a split-ring technique of 3-5 tracheal rings and tension-relieving sutures were employed. Four rings, comprising approximately 10% of the total length were resected from our patient, which meant that a split-ring anastomotic technique without tension relieving sutures was applicable and decreased the risk of failure (Hedlund 1984). As the patient in this report was rescued, history from the time of the initial injury was lacking. Whether this foreign body was placed with malicious intent is unknown. Tourniquet injuries of this nature have been noted anecdotally and described in the veterinary literature for many years (French 1906). Whether the constricting material is on the neck (Westermeyer 2009, Steimach 2014) or an extremity (Hoffer 2006, Brisson 2008), the repetition in literature demonstrates the need to educate clients as the complications may range from simple to life threatening. Tracheal stenosis associated with a plastic band placed around the neck should be included in the differential diagnosis of dogs presented with inspiratory distress. 
LEARNING POINTS/TAKE HOME MESSAGES 3 to 5 bullet points – this is a required field
Circumferential cervical wounds require thorough explorationGrowing animals with constricting injuries present unique challenges.A nidus should be considered in any wound failing to heal with appropriate management Not all rescue puppies with dry hacking coughs have kennel cough!
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FIGURE/VIDEO CAPTIONS figures should NOT be embedded in this document
Fig 1: Lateral cervical radiograph demonstrating tracheal constrictionFig 2: Tracheoscopic image illustrating luminal stenosisFig 3: Constricting plastic band following excision
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